creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

=
T
s
KF
e
s

SFAAA MNPAH FHE A
dolejrtolide] 2§

TIPS PR
REHRER EERRIEL

2 A

20144 8H



SZMAA WA FHL AD
EREE QDR

o] e REE HIEBM mYLE RIEF

20145 8H

o] A sle] FEE FEMELR ML wE

S

FHEEXBRR &)
% 8 @
x B &)

P KRR RSB A

20145 8H



Application of Data Mining Technique to estimate
the Flight Trajectory for Space Launch Vehicle

Sunghee Lee
(Supervised by professor Keun—-hyung Kim)

A thesis submitted in partial fulfillment of the requirement
for the degree of Master of Business Management

2014. 8.

This thesis has been examined and approved.

Department of Management Information Systems
GRADUATE SCHOOL OF BUSINESS ADMINSTRATION
JEJU NATIONAL UNIVERSITY



TE X} T| ceeeececreseensessercsesasanercsssassinesssesasasnssnsasasssnssasasasasassasasasassesasases I
TL T R} ] eerererserseerssrssenssrsesnosssssnsserssnsssrsssssensansasnsssasanssssssnsssasansases WY
ADSEIFACE swevsereressssessesacsassessesassessesassassrsassassessesassessessssssassassassassesassesess V
AJ1AL A] B creverrerecsresracsensoncsnssacsassansansnssasssnssassasssnssasensssassasssasasnsons 1
A1 ATHIZ T EZ] s 1

L GITLH| T ereererneesssssesssssesssnssssssssssssssssssssssssssessssssssssssssssssssssssasssssens 1

= R RS 3
A28 AU L L AT} cerenneennnsssses 3
A 2AF IT GTF erversenserssrsssrssssssssansssssensassssssenssnsassssnsssssansasssssssnssssasss 5
A1 TIA B ZIH R 22 servsrvsersnsssssnsssssssssssssssssssssssssssssssssssssssssssssssnss 5
A28 [T G T QA ceerrrernnrnneniniineiniinessensesn e 6
S B = < Y - 8
S S o S ST G Y1 [ g AT 11
AI3A o]EF A U A AE] F Q. eeerecerecseccrecsecsecsecsacsacsacsacnes 13
A1 T O] EJTJO] L seeeresrenrernnnstinineinninenntisiseisiseiinissnsssssssssssssasonses 13
2 B e e = ) 14
A|32 THEFE] F]ELA] wvermmrsssmsssssssssssssssssssssssssssssssssssssssssssssssassssssassssssssnens 15
A4 YA EZEAIFIH] cremsersssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssanss 20

L. AAZFEZAIAIH] TN Q. wervesrresssssssssssssssssssssssssssssssssssssssssssssssssess 20

2' ]:]] fsg .CH ;‘(] Xc-;l E_(Sla\/lng Data) %%7}] 11/3 ..................................... 2 3



3. 7t (Interpolation)ol] 2] 3 HIBY QX F=A] coevereeesesuraracnccnensd 25

A4 YXZAL T Z(RITEE) B2 cecrecnnnnnnncnnsssnancensd 28
A1 RHPA TS ETF AL s 28
S s B s L I e 29

R = - I i B B LTI TT TIPS 30

3. A AT E BA ccerrrerrnsrssnsssssssisssssisssssssssssssssssssenss 39
A2A JEE SAAEE B3 AR 34

1. SFALQ) F 8 ol H] BB cerereereennnnenennnennneennenssnseaanees 35

= e 36
A5 dlolEjnfolid 7]HEe] QX FAHUIT S cereversersersnsensanees 38
A1A &3] A7 ol 23F FBFA TEE] s 38
A27A OFHU FEHEA B e, 40
L O] %8 TFEF QIR A 2B cervemsrrsssessssssssssssssasssssssssassssasssassssenss 40
R e I NE b =T A | oo S 49

AOAF ZAZ cecccscnncssatssancnsenissainsnissniasisssssessatesssissastssensssssssasasasesas 46
Al o e ) 46
s B =T o e 47



b

/\

b

/\

b

/\

b

/\

b

3-1> TIOJEH}0] W 0] S8 T TFQEOE wmmrmmrssmssssssssssssssssssssssssssasnss 14
41> AAABEAAN FHHSAZS UF AGAL D g 30
4-2> BFE7)Y] HIHA A B HTE L TR s 31
5-1> BRI S AEA o WE QXFEA ZAIH|TL eeeeeeerresesensennennn 49

5-2> BT T3l A7 WE QXFEA AIH|TL ceeeeeeeereerensenne 45



29 A

KA 1-1> Bl Z2A QT E]Z0] H| T cvereeresersersenserssrssessensenssessensensansssssessasses 4
<23 2-1> AA L ZU IT SGAA ZTE e, 7
KTLT 22D IT GE7] L NEEUS swrevrererserserssessersersssssensersssssensersssssensessssssessesssses 8
<2 2-3> ~AULEIFE IR HOE W F LS crererrserssenssrssersessssssessens 10
<19 3-1> T3] A (Polynomial REGreSSION)ILE  «ssssssssssssssssssssssssssssssssssssns 16
KTLT 32> H AP O] QUT] eeerserssersserserserssesserssessssssssssessssnsssssessssssssssasssens 17
2F 3-3> YARAZFAAH] HX] T ceeverenrennnnsnninnnininininininiininnd 29
KT 3-4> YAAE AU Z2Q TA T servrersersserssesssrsssssssssssssesssessssssessess 23
<13 3-5> BIZPHNterpolation) FLE seesseesesmssssmssessnssssssnssssssnsssssssees: o5
KT 3-6> ABRIZFH O] TR corrvrerssersserserssesssessssssesssessssssessssssssssesssessssssassess 26
<3 3-7> B7F D A 93 YA UTE] S cerersesensensensissennnss 26
<18 4-1> BN 7] W AFEARE] FALE ceenencneneness 29
1Y 4-2> 2oB|PA L 23t SFZ7]9] B HZE] ceeereerenrensensensennnenannnas 31
<Y 4-3> FHD GEL FUZ D LAWY FEEY e 33
(I 44> UESFAHLT WD A FEE D A7EEE e} el
<IY 45> U5 BAURNE D AAARFAGE WG w35
<Y 46> AXNFALTZo] T FEL L2 QAEAH T
LY 47> TR A o7 B S B2 QAEA 37
KA 5-1> 72U 20l 3 TZFOIFH B, wererersersserssersersserssessssssesanes 41
<2 5-2> thar3| A 7| o] 98 TZFQIF HIB eeererersersensenssrsensensenssessense 41
<8 5-3> 7| 2L Z0] o5 HFYZE QP ceeeserscsesesesesssssnacns 43
< 5-4> thar3| A 7| o] 95 HFZE Q@ XFHIBF eeereesenserssesensensensseasense 43
K8 5-5> 7| 2UTE 20 03 TZFQIFEBL cervmervssrsssrsssrsssrssassssssssseons A4
<19 5-6> THaFE] A7) Mol 9 FF TZFOXF HIBE cererserssenssesersersenssnssenanes 44



Abstract

Application of Data Mining Technique to estimate the
Flight Trajectory for Space Launch Vehicle

Sunghee Lee

Dept. of Management Information Systems
The Graduate School of Business Adminstration,
Jeju National University

Supervised By Professor Keun—-hyoung Kim

The idea for this thesis was derived from how a IT(Information
Technology) could be optimally applied to the field of aerospace
technology in order to improve the system performance and function for
launch vehicle, satellite, deep space explorer which are required the high
reliability and availability. The convergence of IT with a variety of
sectors is a growing trend, and what IT convergence is and why it is
important were first described. For this convergence application, the
telemetry ground system which collects the status data from Ilaunch
vehicle has been considered in accordance with the subject of this
research. To receive the telemetry data, the telemetry ground system has
to track the launch vehicle without tracking loss, and it is possible by

the well-organized tracking algorithm to estimate a current flight



position data in real-time. In this thesis, the polynomial regression
model of data mining application was considered as the algorithm to
estimate the flight position information of launch vehicle. For the
analysis, the real trajectory data which had been logged during the flight
test with airplane and NARO launch mission was used. And the
OriginPro 8.0 and Matlab 2010 software were used for the analysis of
antenna tracking performance by both of previous interpolation and new
polynomial regression model. In case of polynomial regression model, the
mathematical modeling was first established with the equation of 2nd
order(degree), and then the results of the estimated flight position
information in real-time was produced. In conclusion, the new algorithm
with 2nd order of polynomial regression model of data mining
application shows the accurate tracking performance to estimate the next
flight position information compared to the interpolation algorithm, and

the antenna operational characteristics were better than previous.

Keyword: IT, convergence, telemetry ground system, data mining,

polynomial regression, interpolation
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WMol 2R E FolfL, o & B3 AT WAA 7|
ATHABY 5, 2013, SFEAAY HAARAE vl Bapse FIH 6 gol
Sol7be Robolm, @ 71%o] §¥H ol A3 WA 8757 BB <

[
i)
fo
-
>
ol
o

re
Fo
-
>
ot
o
ox
S)

o
+

Astn AH g Pre wEr] 9

e Hess AL g T ot

_12_



A3 ol24 w7E H A= AL
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HrAs daHE ole) Lz o HwE & Aok

Yi=Ytrue

<I¥ 3-2> HaxeHe A

9] Ay zolA z vlolele] HxollA HAFF/A AYE 1 =
w, ¢ Aol Hz e gty o] Aolvh Thed HAo gte JHAA "dh A
22 o] WAt AFS HAsUbr] Y% Ho R Argdth WK A
o % EE 22HResiduaDehal shar ofefl 4 (3-3)3 o] +& 4 Ut

E= Z (yz “ Yirue )2 (3_3)

1=

—

2 3-Ds} go| HolE7t HFBAR FHH AP PHAo] £28 A 4L
ole) (3-a)9} o] EHHP 4 Utk

- Eeiz = (yi_a_ biUz‘)Z (3-4)
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HazeHe o8 a,

———22 z—a—bx =0

1=1

___22

1=1

B L

AT,

na+ (ixl)b - iyz

(B3-5F Hu|&ste] a, bol g 24

T37] fell 2 3 AAST a, b o el drEs A
Alskal Z1 gkol 0] = ojof jit}

(3-5)

yz—a—bx )) =0

Az Al

12 AEBA &

Al S
1=

3-6)% ol T

(3-6)
1=1 1=1
n n 5 n
(chi)ﬁ(zxi)b - Z%%
i=1 i=1 i=1
A (-6)9 ARLAAL FW a, bol W HLAFFAA a,b B 4 G-DI
ol 7 % gl
n n n
b= i=1 =1 =1 (3-7)
et~ (M)
1=1 i=1
a=y—bx
71 y Lo = ysh xol 2 Bagholw, M2 WS xo take] ¥
+y2 g 2 dZsd y=a+ by = BIL 5 Ao
9 HPFHARA | o] 2ol A AHRGFo, YYss} M F5H
WA} HPA o Wit Mo HHol T Aol TAY AA W
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y=a+br+cr’+e (3-8)

AGFY AN SAAFY Fe T 4 G-99 ol 23 Thysl AR
Aol ot AFel ge obdl 4 (-9 go| wHAL

E:Zef:(yi—a—bxi—cx?)z (3-9

—=— ZE(yi—a—bxi—cxf) =0 (3-10)
oa p
oE_ 22372(% —a—bx,—cx;)=0
ob z
E n
—20 =— 221;22(% —a—bx,— cmf) =0
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na+(2xi)b+ (Exf)cz ZyZ (3-1D
Qoz)a+ Q)b+ (Yl )e =D ay,
(Em?)a#—(Zm?)b#—(me)c: Eazfyz
$ 2 B-1DE 5 JAAS a, b, c= SHIOZE A4St 78 4 9t
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(o
q
A
3
@,
(@]
=)
@
=
=
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g5ala By 9% Aol $ANE Axsw, A HolHE I5
7] 9% FAFA HER LE4HT £AFA] A MM o3 NS
Aene} T FARSo] FAHY, FAFAE FAGE el RF FAAA,
5x2 9 712RA50R o|2olH YrHTelemetry Group 119-88; o413 2|,
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UE e HolE
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£ B o) Agelng pusks Fo AR AEH A4 WD
A Eo solstig WO 283 9isw ALHTHo| A3 9, 2003). WakA <

AR Qe FHets s)Eo] AaE ool gk
ARRFAANE BA ARE BAAGEE) D AR

Aol W@ 2% S P 54 So BY ANARE YSes FUEAA
sHoR, MAAL 9A, AA, =, AEE, £ 4 B DHStage) e,
AEE 5o FadH 2 LESAL ISap] 99 oo, 201D,
AAREFAGUE  dolE  HSL 9 WHoR ZAHA EZRIG,
on], wabAle] Tzl et 27)
o Wold Ad@E wEE D3 e Gasm 2 4ve ge 9%
Videodl 3)5 3719 Hlolel A58 A6 FAE 4 JArHel 43 9 2003). L}
SRR dAHA A5 Y5 97 L4AEoT WA 2T 2FAAT 1
PG A F3H o)

AAGYT, 2FAFZE B A} ARE AFFHLze) QPR 2T

o
=
[rtl
lil
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g dgAoR $4Y 5 dr AREL] HW27)TIHEE 30Kme] thate] Al
5% A8 At AFFAL AARRFAAN] A A F 07 o 1%

ool FHEE AIFCTAL £ oF 412)7E AL ZANHCEA 3 °F 540%)7HA]

A, AA AF A AR T 9y Tsel ThsdtEE AAEo] Utk
AY 2 AT, GedldA 5o 4 AGd=olAe IAA 3 2 s FAE F
ste] dolEE AAT Ay 2 AAST FadolE(Quick Look Message)s 3
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lo] ol & HAeY A3 E A (Best Source Selection) ¥ A gst= A3 A
e Al ~Ell(Best Source Selector)e] ¢lom, WAFYFE 3PS ¢ 8 =

AlZte g TALEAAE o Zul et

flo
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[ _.Ia 5 NRAE A
50| BiRF w22, Video

o 0| EfFE 221 K\
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DX
Lu=LF4H A==HA
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AR ZHE FAEE %

Aot HAAEZHE RF A5dE FAst] 534S 8317 A, dA A
FFHA B ol5E g AAAN =L LA vlddo] o FEE A QHEH Y
T IAA ZRE $415E RF 2152 7|thg]7] Y8l Slaving mode =
&3t A8 TAA (GRS 75, Aol 8km/secs] £EE H| Y35}
o] AAARFAERIE HPBRFIAYAN LR OZRE  HPAXAHR
1A= olm AAANFEFHW 0.72)9] HelHrt Ha
ol I AT 4 fith. § 4419 Slaving Data Ao TARAE o]w] L
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>
foi
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¥
>
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AN FAFIL glow WAA FAHo| AT Futel ok whebA FAE HA

o HIFAHAEE 7|FoZ d AFHAAM TAAE AosiA AFD AAFEE

Abste fAFA L Fol Easti

NRZ NRZ P Wz P NRZ NRZ
NRZ WRZ P ez : NRZ NRZ

e

RECORDER

BSS

<19 3-4 9AAREFAAYN FLFAE

2. B3 9 x4 ¥ (Slaving Data) +-&71'3

AE W 23245 A, AFF249 11m thy <ot 319 ol53
g2HdAE A GHUAAA =S AFFZ(Monopulse mode), T&F4
(Manual mode), ®J%-3%{(Slaving, Program mode)s <& 7}# *&Rnt=Z WA}

4
AE FHSE 715e FRBG AFFH S WA ZRE SAHE RF A

55 FH5a, QHUURIE AEH FHOANEE Aol U} FERE
AR AT ABFA Av) A 9% AZHOERE XA R Slaving
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Data)E Algwto}l <Y &2 =5 W Slaving Mode)dt & HAAIE A3
o8 FAY F Ut UE3Z EA F4 A5 A, SHY 87 F wE AE
F2Z 2=, Slaving Mode, L2 13 2 =(Program Mode), ¥ = =(Manual Mode)
o £om A (Priority)7F A= o, AFFH A4 F AR A=
He Hx PAARRE ASE FAls87] A v PR Al 2" o) A
49 Slaving DataZ ©]-&3}o] Slaving ModeZ $-A4 &85 += /Mdoz AHolx o]
H A B FSA YA 28 Y2FAE DALSANE W Y A]8hH, 2745
AR 22 TALA Y] EAA o] AXAHRE HESlH HY & B¥jste 71es
TPt ZF FAH AN FAE HYAAA R = PP RFIAYAI2H O] &
aEjFe s ZEY ¥ HIEA W 59 AAHES AXH #H Al2H A=
2 Oz ol EAAY A FEAIE & EwEn =3 74 F
2 A A, A FH AEE AT 712 ARE o]&sty] s HAH o TAA
A HolHE 2 FA AR AR HEA FHE HEATN & HE FAYS F
2 @&, HEH, 201D.

of o MAAE FAY NYFNYRE FOE 2 X FH A

AR
I FAB7] 97 Beke]l Hasit dAARFAGH 9 HY FES A% B
< 7% dEHUAARA A FHH A AT 4F ARGFAFHLZ,
Slaving Data, Nominal Trajectory Data)E& 4418 4= glom, Qo) we} o=
=

MYANPRE AT Aol AT 5 =S

l

AA
g A28l 0 2 BB 20Hz(50ms) ©H¢ = Slaving Datag +413tH, + the] HIPA
BFZYAYA 2T o]pul PR AZEo F Axglo=RE Slaving Datag <
o=z

B HA o] kA1 Slaving

AEA B AS AEoF oH] A|xH

4]1
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3. E7HH(Interpolation)ol] 23k B P X|FH

A A LA AHS AsHA FAsAL HHUE HAAAI7I7] e
HluAl ol g2 EAMEAAE W HPAH RS

£ Falsta, o] HolHE AEstr] A &g

(o4
o=
2

Al 2~H o 2 BE Slaving Data
ol dastt. dA AlFe 7
Fo g FAH FA9 HPYXAHK(Slaving Data) =32 7S A L3sle] B
(Interpolation)ell &] g+ LALA o] AU E ALMso

B 93 AXFAHE <" 3-58 Zo] Fo4 AZFHELS
e SARD RN, AR DY 2] JdAAE RdoA BHo ddd Z2
ol A&l Ao AlEHoIAT o WP xHRandom Error)7t $lE Adolyt

FALA A Eol] AHEET S, $A dddoz 733 HolHakh=
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J {
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z

Zahs BARE (0 T o] AL 0§t F
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o1zl Wapol Uik g e TEke ddY AA e T
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-
»
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Ba=st Z7hEch of 19e ASE 2%

B35 odd Aol el HEHol B
Aol PG T H SHA oSHE

< o] &3t AFEIHA o3t

Q]

Jole] e FaE e A

a3 Zlojt

gl =1 ("“";ji:ﬁxi) (2~ ) +f ()

(3-12)

H PR FIA G 2oz RE JHE 7349 Slaving Datas ©] &3t T,

3T, AgelAe] gl BEHUAS W Hgnzrgel o5 Yol T Aol
Aol FAge 4 (122 Fa 72 & Atk

<™ 3-7> B3 g oAbl o7t fAFA LGS
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o]%, Slaving DataZ} B4l Aoy o & FHAH 9 FHEHE ¢ o) F4l

HA xE Ae v AR dEY FEe AsiA AdE s DAL Hg A

l

2 ZA3okatn olw) 9 AW (Extrapolation)ell 93] ot 2] (3-13)3 Fo] F&
+ At
P(T)=P + Vy(T— Tl)—i—%a(T— T))? (3-13)

a7)4 Pre Ty Adel ZAE Fholw, Vo TiolAe] 27] 2445 121 a
= ZleEg oujath AA WAHEAMEZRE 20Hz(50ms) @92 Slaving
Data® 4287 o Sago} SAAA B Are v gEae
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A4 A FA L1 F(EIPE) 4

ALY ZAHPN DS BT AFEH

re 9@ Z=2 A %(Tracking Accuracy, Pointing Accuracy), dlo]g 5 9 X

o] B =Fo|x HZEs1A & Slaving Dataol] 2|3 <teL} 7]

gF £45 AU RHIGAN P S T3l dAAEFAgn

o FANT HAseS AT FoFEL ot e Zon, & HoAMs HPARITY
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"ok <9 4-2>¢) <F 4-D= EYHIPAE S f8 FF

g Al Aold 9A=R

A AR} vl 2FA

<9 4-2> B oJH| A

7

17} & 343f oF

F3717F dAE BPAH s 4L

] O
e

|

B5 \ B4

wj mpc}

1>A5) > B(B1-8B2-B3-B4-B5-B3-B2-B1)
b ®e| D& 5KmE &S5

(R 4-2> F3719 vy 3 A% 9 315
Point Latitude Longitude Altitude
Al 34032 127°4’55” 3,000m
A2 34°9'26” 127°6'52" 2,500m
A3 34°8'31" 127°0°35” 2,000m
A4 34722 127°4'51” 1,500m
A5 346’15 127°2'31" 1,500m
B1 341°06” 127 3'16” 2,000m
B2 34022" 127 6'16” 5,000m
B3 334'35” 127905 5,000m
B4 339'59” 1271'39” 5,000m
B5 33927 127 6'45” 5,000m
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3. WA 2 B
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